. Activity of tKSI D38G mutant with 5(10)-EST under different buffer conditions. The activity of D38G was independent of buffer composition. Two different buffers were used: 40 mM sodium MOPS ( ) or sodium phosphate ( ), pH 7.2. The observed k w values (defined in Scheme S1) were 1.7 X 10 -3 and 1.6 X 10 -3 s -1 in MOPS and phosphate buffer and the K M values were 21 and 16 µM respectively. Activity was also unaffected by varying phosphate concentration over 100 fold (40 mM to 400 µM ( ; k w = 1.4 X 10 -3 s -1
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. Activity of pKSI D40G mutant with 5(10)-EST under different buffer conditions. The activity of D40G was independent of buffer composition. In 40 mM sodium MOPS ( ) or 40 mM sodium phosphate ( ), pH 7.2, the values of k w were the same (2.2 X 10 -3 s -1 ) and the K M values were 30 and 26 µM respectively. Activity was unaffected by varying phosphate concentration over 100 fold (from 40 mM to 400 µM ( ) (at 400 µM: k w = 2.0 X 10 -3 s -1 and K M = 27 µM).
S3
Figure S3. Rescue reactions for exogenous bases with tKSI general base mutants. Data were obtained as described in Materials and Methods ("KSI Base Rescue Reactions") and fit to a linear equation. Here, V is defined as total rate of product formation for 5(10)-EST substrate and V 0 is the rate for the background non-enzymatic reaction. Error bars show standard deviations from 2-5 independent experiments using different enzyme concentrations (D38G: 0.5-5 µM, D38G/A114G: 2-6 µM, D38G/P39G: 1-5 µM and D38G/F54A: 0.25-1.5 µM) and in some cases
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protein from different preparations (D38G, D38G/P39G, and D38G/F54A). Averaged rescue reaction rate constants and their standard deviations are given in Table 3 . Figure S4 . Rescue reactions for exogenous bases with additional tKSI general base mutants.
S5
Data were obtained as described in Materials and Methods ("KSI Base Rescue Reactions") and fit to a linear equation. Here, V is defined as total rate of product formation for 5(10)-EST substrate and V 0 is the rate for background non-enzymatic reaction. Error bars show standard deviations from 2-3 independent experiments using different enzyme concentrations (D38G/F116A: 1-2.5 µM, D38G/M112G and D38G/P39G/A114G: 1.5-6 µM and D38G/P39G/V40G: 0.75-3 µM) and in some cases protein from different preparations
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(D38G/P39G/A114G and D38G/P39G/V40G). Rescue reaction rate constants and standard deviations are given in Table 3 . deviations from at least two independent experiments using different enzyme concentrations in range of 3-7.5 µM. Rescue reaction rate constants and standard deviations are given in Table 3 . µM, for rest: 0.5-1.5 µM). The rescue reaction rate constants and standard deviations for the exogenous bases are given in Table 3 . The rate constants were determined from 2-3 independent experiments as described in Materials Conditions: 30-50 mM sodium succinate/sodium phosphate/sodium tricine, 2% DMSO, ionic strength 0.1 M NaCl. The enzyme concentration was 2 µM and substrate concentrations were varied from 2-300 µM. Conditions: 20 mM sodium MES/sodium MOPS/sodium tricine, 2% DMSO, ionic strength 1 M NaCl. The enzyme and substrate concentration used were 2 and 300 µM respectively. Conditions: 40 mM sodium MES/MOPS, 2% DMSO, ionic strength 0.1 M NaCl. The enzyme concentration used was 1.5 µM and substrate concentrations were varied over 2-300 µM. Conditions: 20 mM MES/MOPS, 2% DMSO, ionic strength 1 M NaCl. The enzyme and substrate concentration used were 1.5 and 300 µM respectively. Conditions: 20 mM sodium MOPS, 2% DMSO, ionic strength 1 M NaCl. The enzyme and substrate concentration used were 1 and 300 µM respectively. 
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